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PURPOSE
• Endophenotypes are heritable, quantitative 
traits genetically correlated to disease risk.
• They can offer a better understanding of 
underlying disease mechanisms, and provide 
increased statistical power to localize and 
identify disease-related genes.
• Intraocular pressure (IOP), vertical cup-to-disc 
ratio (VCDR) and central corneal thickness (CCT) 
are three well established primary open angle 
glaucoma (POAG) endophenotypes, which are 
influenced by genetic factors.
• The aim of this study was to investigate the 
genetics of these known POAG endophenotypes 
in a population from Nepal.
• This is a family-based study design utilizing data 
from the Jirel people, a small genetically 
isolated population from the Jiri region of 
eastern Nepal.1
• Quantitative measures of IOP, CCT, and VCDR 
were obtained by Goldmann applanation 
tonometry (AT900, Haag-Streit International, 
Switzerland), optical coherence tomography 
(Topcon, Singapore), and slit lamp 
biomicroscopy (BD900, Haag-Streit
International), respectively.
• POAG diagnoses were in accordance with ISGEO 
criteria.2
• A variance components approach was used to 
estimate trait additive genetic heritability (h2).
• Genome-wide genotypes (Illumina 660W-Quad) 
were used to conduct classical linkage mapping 
to localize QTLs.
• A measured genotype approach was employed 
to test SNV associations within the QTLs.
• All genetic analyses were performed in SOLAR.3
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• All 1,800 individuals (55.2% female) 
examined in this study belong to a 
single extended pedigree.
• The mean (SD) age at exam is 42.4 
(16.6) years.
• There are 35 (1.95%) POAG cases, 
of which, 10 (28.6%) were high-
tension glaucoma (HTG) and 25 
(71.4%) were normal-tension 
glaucoma (NTG).
• The distribution of POAG 
endophenotypes, which are 
significantly heritable, are 
presented in Table 1.
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• In this large Nepalese pedigree, VCDR, CCT, and 
IOP were heritable.
• Of these three endophenotypes, we localized a 
significant QTL for VCDR on chromosome 4.
• The top SNV (rs4148155) is an intronic variant in 
the ABCG2 (ATP cassette subfamily G member 2) 
gene.
• ABCG2 is a stem cell marker expressed in clonal 
human trabecular meshwork stem cells. 4
• Other positional candidate genes of interest 
include SPP1 (Secreted phosphoprotein 1) and 
SCD5 (Stearoyl-CoA desaturase 5).
• SPP1 is also a stem cell marker, which 
differentiates between mature and 
progenitor cells of the trabecular 
meshwork.5
• SCD5 is shown to suppress neurite 
outgrowth,6 which is of considerable interest 
given that MYOC, a known glaucoma-causing 
gene, inhibits neurite outgrowth.7
• To our knowledge, the VCDR QTL on 
chromosome 4 is novel and does not overlap 
with other glaucoma endophenotypes or 
glaucoma disease status.
• These results highlight the importance of 
continued evaluation of genetic factors 
influencing glaucoma endophenotypes in under-
studied populations, such as the Jirels of Nepal, 
as new information may be elucidated.
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Table 1: Trait distribution and heritability estimates 
for established POAG endophenotypes in the Jirel 
pedigree.
Trait Mean SD Median h2* P-value
VCDR 0.31 0.16 0.3 0.49 5.54E-33
CCT 
(μm)
522.04 37.7 524 0.65 3.08E-48
IOP 
(mmHg)
14.51 2.45 14 0.20 1.58E-08
*Covariates: age, sex, age^2, age×sex, age^2×sex
Table 2: Genome-wide linkage scan of established 
POAG endophenotypes in the Jirel pedigree.
Trait CHR LOD Max. signal
cM BP (Mb)*
VCDR 4 3.05 96 86.83
CCT 9 2.52 156 137.58
IOP 9 2.14 112 110.13
*GRCh37/hg19
Figure: VCDR QTL on chromosome 4.*
• A genome-wide linkage scan was 
performed for VCDR, CCT and IOP.
• We localized a significant QTL for 
VCDR and suggestive, independent 
QTLs for IOP and CCT (Table 2).
• For the VCDR QTL, we screened all 
SNVs within the 1-LOD (95% CI) 
interval.
• The top association signal was for 
rs4148155 (p=2.01E-06, β=0.24 
SDU), which is approximately 2.2 
Mb away from the maximum 
linkage signal (Figure).
• The association signal satisfied our 
QTL-specific Bonferroni-corrected 
significance criterion (p<6.59E-05, 
759 SNVs).
*Arrow: Top SNV association. Dashed line: significant linkage (p<1.0E-04). Solid line: BeadChip-specific GWA significance (p<1.06E-07).
